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Stimulation of Hair Growth with Potassium Channel Openers 
and Sof-Reductase Inhibitors 



BACKGROUND OF THE INVENTION 

S The present invention relates to improved methods and compositions for promoting hair 

growth by the concomitant administration of a potassium channel opener such as minoxidil, 
cromakalim, pinacidil, or a conq)Ound selected from the classes of potassium channel openers such 
as s-triazine derivatives, benzopyran derivatives, pyridinopyran derivatives and thiane-i-oxide 
compounds; and a Sa-reductase inhibitors, 17^-(N-refr-butylcarbamoyI)-4-aza-S-a-androst-l-en-3- 
10 one. 

Since the discovery that minoxidil could promote hair growth and was useful in the treatment 
of androgenetic alopecia commonly known as "male pattern baldness" (US Patents 4,596,812; 
4,139,619), alopecia areata, and balding in females, effort has been directed toward attempts to 
improve upon the sole use of a topical minoxidil composition by incorporating other active 
1 S ingredients, for example the combinations of minoxidil/hydrocortisone and minoxidil/retinoids (DE 
3827467-A). 

Another approadi has been to attempt to identify and quantify the biological mechanisms 
responsible for the initiating and controlling hair growth at the foUicuIlar level and intervening with 
therapeutic agents which stimulate hair growdi. It is well known in the art that the onset of puberty 

20 results in changes in endocrine levels which result in, among other changes, the stimulation of 
fecial hair growth (males), axillary hair growth (males and females), and pubic hair growth (males 
and females). One class of compounds implicated in these effects are the androgens. 

Androgens appear to play a major role in the development and progression of androgenetic 
alopecia (male pattern baldness). Rittmaster, R. S., Qln. Dermatol, tf, 122 (1988). This was 

25 demonstrated in humans, in that prepubertally castrated men do not develop male pattern baldness. 
Hamilton, J. B., Am, 7. Anat.^ 71^ 451 (1942). In die skin, and presumably in the follicle, the 
effector androgen is dihyrdotestosterone (DHT), the product of the enzymatic conversion of 
testosterone to DHT by the enzyme 5a-reductase. Ebling, F. J. Oin. Endocrinol Metab., 15^ 319 
(1986); Price, V. H. Arch. Dermatol,, 111, 1496 (1975). Additional evidence for DHT's role 

30 stems from reports that men with male pattern baldness have elevated 5a-reductase levels in the 
hair follicles and skin of the frontal scalp and that men with a 5a*reductase deficiency do not 
develop male pattern baldness. Bingham, K. D., Shaw, D. A., /. Endocrinol,, 57, 111 (1973); 
Schweikert. H. U., Wilson, J. D., /. Qin. Endocrinol Metab., 385, 811 (1974), 

Antiandrogen therapy offers a potential intervention to the treatment of male pattern baldness 

35 in men, and in women where it has been suggested that elevated androgen levels are responsible 
for the appearance of male pattern baldness. Rittmaster, R. S., Loriaux, D. L., Ann. Intern. Med., 
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106, 95 (1987). This class of compounds, the antiandrogens, have been subdivided into two major 
catagories, the androgen receptor blockers and the 5a-reductase inhibitors. Androgen recq)tor 
blockers interfere with the binding of androgens, testosterone and dihydrotestosterone (DHT), to 
their recqjtors, while 5a-reductase inhibitors prevent the conversion of testostwone into DHT. 

5 The clinical use of androgen blockers, such as cyproterone acetate, in men is complicated with 
systemic effects on normal sexual function. This is not die case in women, whwe these agents are 
utilized. Burke, B. M., Cunliff, W.J., Br. J. Dermatol, 112, 124 (1985); Dawber, R. P. R.. 
Sonnex, T., Ralfe, I., Br. L DermatoL, SuppL 107, 20 (1982). The other class of antiandrogens 
are the 5a-reductase inhibitors. These compounds block action of 5a-reductase and thus reduce 

10 the level of DHT in the peripheral tissue. Rittmaster, R. S, Stona, E., Thompson, D. L., Nance, 
D., Lasseter, K. C, 7. Androl. 10, 259 (1989). Brooks, J. R., Bennan, C, Primka. R. L., 
Reynolds, G. F., Rasmusson, G. H., Steroids, 47, 1 (1986). Rittmaster. R. S., Uno, H., Povar. 
M.L., /. ain. Endocrinol Metab., 65, 188 (1987) have shown that topical treatment of 
periadolescent stumptail macaque monkeys with the 5a-reductase inhibitor 4-MA prev«ited the 

15 progression of baldness normally observed in this species. Similar studies in humans have not been 
rq)orted. 

The coupling of hair growth stimulation with potassium channel activation has been inferred 
from literature reports of several vasodilators, minoxidil (through its metabolite minoxidil sulfate), 
pinacidil, and diazoxide, which cause varying d^rees of hypertrichosis upon oral admmistration. 

20 Zins, G.R,. Qin. Demaiol, tf. 132 (1988); Goldberg. M.R.. J. Cardiavasc. Pharmacol, 
' 12(Suppl 2), S41 (1988); Obm, R., Russell, R.P.. WiUsoo, W.R.. Arch Inter. Med., 112, 886 
(1963). It is also known in the art that topical minoxidil is an effective treatment for andog^ic 
alopecia. Tlie mechanism by which these compounds, nunoxidil (through its metabolite minoxidil 
sulfate), pinacidil, and diazoxide, dilate vascular smooth muscle has been rqwrted to be via the 

25 opening (activation) of potassium channels. Robertson, D. W., Steinberg. M. L, J. Med. Oienu , 
33, 1529 (1990). Thus potassium channd op^ers are useful in die treatment of androgenic 
alopecia. 

The surprising and unexpected result, and die subject of this invention, is the synwpstic effect 
observed when both 17j8-(N-tert-butylcarbamoyl)-4-aza-5-a-androst-l-en-3-one and minoxidfl, a 
30 potassium channel opener, are utilized to stimulate or promote hair growth in a statistically 
significant fashion when compared to each drug alone. 

INFORMATION DISCLOSURE STATEMENT 
Topical minoxidil has been shown to be an effective treatment for male pattern baldness as 
described in US Patents 4.596,812 and 4,139,619. The utilization of 17ff-(N-rgrf-butylcarbarooyl)- 
35 4-aza-S-a-androst-l-en'3-one for the treatment of androgenetic alopecia has been disclosed in 
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European Patent Application 285 382 A2. The use of combinations of androgen receptor blocking 
agent (antiandrogen) and Sor-reductase inhibitors (not 17i9-(N-rm-butyIcarbanioyl)-4-aza-5-a- 
androst-1 -en-3K)ne) has been disclosed in US Patent 4,684,635. The combination of minoxidil and 
an androgen recq)tor blocking agent for the treatment of male pattern baldness has also been 
5 disclosed in Patent Applications DE 3615-396-A and WO 87(XM27-A. The combination of 
minoxidil and a 5a-reductase inhibitor for the treatment of male pattern baldness has also been 
disclosed in Japanese Patent Application JA nOS-OH-A. 

SUMMARY OF THE INVENTION 
In one aspect, the subject invention is directed toward an improved m^od for pronaoting hair 
10 growth in manunals comprising the administration of a potassium channel opener in an effective 
amount and the administration of 17j9-(N-rm-butylcarbamoyl)-4-aza-5-o-androst-l-en-3-one in an 
effective amount whereby hair growth is increased over the sole administration of the potassium 
channel opener. The routes of admuiistration for either component can be by any of various means, 
preferably orally, topically or any combuiation of the two. More preferably and conveniently, the 
15 two components are applied together topically. 

The potassium channel opener can be administered topically in an amount of from about .01 
to about 20 percent by weight, or orally in an anu)unt of from about .001 to about SO mg/kg body 
weight. The 17/3-(N-/m-butylcarbamoy!)-4-aza-5-a-androst-l-en-3-one can be ailministered 
topically in an amount of from about 0.01 to about 10 percent by weight of composition or 
20 administered orally in an amount of from about 0.001 to about 10 mg/kg body weight. The 
potassium channel opener and/or 17/3<<N-r£/t-butyIcarbamoyl>4-aza-5-o-androst-l-en-3-one is 
generally adnunistered in a pharmaceutical carrier adapted for oral administration or in a 
pharmaceutical acceptable carrier ads^ted for topical application. 

Preferably, thepotassiumdiannel opener and 17/}-(N*rm-buty]carbamoyl)-4-aza-5-a-androst-l- 
25 en-3-one are combined into a pharmaceutical carrier adapted for topical application. The potassium 
channel opener can be routinely applied to an area of treatment concomitant with the administration 
of 17/3-(N-re/t-butylcarbamoyl)-4-aza[-*5-or-androst-i"en-3-one. 

The potassium channel opoier is minoxidil, cromakalim, pinacidil, or a compound selected 
from the chemical classes of s-triazines, thiane-l-oxides, benzopyrans, pyridinopyrans and 
30 derivatives thereof or a pharmaceutically acceptable salt thereof. 

In another aspect, the subject invention is directed toward a pharmaceutical composition 
comprising an effective amount of a potassium channel opener, an effective amount of 17/}-(N-rerr- 
butylcarbamoyl)-4-aza-5-a-androst-l-en-3-one and a pharmaceutical carrier adapted for topical 
application. The pharmaceutical carrier can be petrolatum, lanolin, propylene glycol, N-methyI-2- 
35 pyrrolidinone, polyethylene glycol, oleyl alcohol, ethyl alcohol or mixtures thereof. 
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DETAILED DESCRIPnON OF THE INVENTION 
The present invention relates to a method for promoting hair growth which means to increase 
normal hair growth or restore hair growth in mammals, including humans, suffering from hair 
growth disorders such as alopecia or male pattern baldness. Tlie promotion or restoration of hair 
5 growth has been discovered to be significanUy enhanced by the concomitant administration of a 
potassium channel openers (activators); and a So-reductase inhibitor. 17^-(N-M/r-butylcarbamoyl)- 
4-aza-5-a-androst-l-en-3-one. 

Typical examples of "potassium channel openers' or "potassium channel opener vasodUators" 
as contemplated by the subject invention are minoxidU, cromakalun, pinacidil, and those 
10 compounds selected from the chemical classes of s-triazines. benzopyran, pyridinopyran and thiane- 
1-oxides their derivatives and pharmaceutically acceptable salts. 

Minoxida is chemically, 6-amino-l,2-dihydro-hydroxy-2-imino-4-piperidinopyrimidlne and 
analogs thereof. The prq)aration of these compounds are described fa U.S. Patents 3,382,247, 
3,461,461 and 3,644,364 and J.M. McCall, et al., J. Org. Oim., 40, 3304 (1975). Related 
15 compounds are sulfoxypyrimidinium, -pyridinium, and -triazmium which are described m U.S. 
Patent 4,287,338 herein Incorporated by reference. Herwnafter, the term -minoxidU' means any 
of the various forms of 6-amino-l,2-dihydro-hydroxy-2-imino-4-piperldinopyrmiidine, derivatives 
and analogs thereof. Mmoxidll is distributed by Hie Upjohn Company, Kalamazoo, MI. 

Cromakalim is chemically, (3S-trans) 3,4-dihydro-3-hydroxy-2,2-dfaiethyl-4-(2-oxo-l- 
20 pyrrolldinyl)-2H.l-benxopyran-6<arbonitrile, a molecular wight of 286.33 g. and a melting point 
of 224.5-225.5»C. Ciomakalim is distributed by SmlthKline Consumer Products, PbUaddphia, 
PA. 

Pfaacida is chemically, NHjyano-N*-4-pyridinyl-N"-(1.2,2-ttin»e*ylpropyl)-guanldine 
monohydrate, amolecularweightof 263.34 g. and a melting pouit of 110-1 16*C. Thepreparation 

25 of pinacida is described fa US Patent 4,057,636 and German Patent 2,557,438 and is distributed 
by Eli Lilly and Company, Indianapolis. IN. 

s-Triaane compounds or 2,6Hiitauno^ubstituted-s-triazine-l-oxlde5 are described fa U.S. 
Patent 3.270,014 assigned to Hie Upjohn Company, Kalamazoo, MI. Specific examples of these 
compoundandude JI4-hexyl-2,4,6-trianuno-l ,3,5-triazfae-l-oxide^<I4-butyI-2.4,64riamino-l ,3,5- 

30 triazfae-l-oxide; N4-pentyl-2,4,6-triamino-l,3,5-triazfae-l-oxide; 4-(N,N-dipropyl>2,6^iamino- 
l,3,5-triaane-l-oxide;4-^,N-dibut^)-2,6-diamino-l,3,5-triazine-l-oxlde;4-(l-pyroUidinyl)-2,6- 
diamlno-l,3,5-triazlne-l-oxide,4-(N,N-dip-methyl-2-propenyl)amino)-2,6-diamino-l,3,5-triazme- 
1-oxide; 4-(N,N-(diallylamino)-2,6-diamino-l ,3,5-triazine-l-oxide; 4-(N,N-dimethylamino)-2,6- 
diamfao-l,3,5-triazfae-l-oxide; 4-{l-piperidinyl)-2,6^iiammo-l ,3,5-triazine-l-oxide; N4-propyl- 

35 2,4,6-trlamino-l,3,5-triazme-l-oxide;N4-ethyl-2,4,6-triamino-l,3,5-triazine-l-oxide;N4-(l, 1,4,4- 
tetrameaiylbutyl)-2,4,6-triamino-l,3,5-triazfae-l-oxide; and N4-hq)tyl-2,4,6-triamino-I,3,5- 
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triazine-1 -oxide. 

Thiane-l-oxide compounds are described in U.S. Patent 4,568,682 assigned to Rhone-Poulenc 
Sante, Courbevoie, France. An example of such a compound contemplated by the subject 
invention is N-methyl-2-(pyridin-3-yl)tetrahydrothiopyran-2-carbothioamide- 1-oxide. 
S Other potassium channel openers include pyranopyridine derivatives described in patent 
applications GB 2 204 868 A and benzopyran derivatives described in patent applications GB 2 204 
868 A, EP 314 446 A2, EP 339 562 A, EP 340 718 A, EP 337 179, AU A 18556/88, JA 1294 
677 A, EP 359 537 A, and US Patent 4,900,752. 

Pbarmaceutically accq)table salts of the potassium channel openers are for example acid 
10 addition salts which may be chosen from the following: acetate, adipate, alginate, aspartate, 
benzoate, benzenesulfonate, bisulfate, butyrate, citrate, camphorate, camphorsulfonate, cyclo- 
pentanepropionate, digluconate, dodecylsulfate, ethanesulfonate, fiimarate, gIucohq)tanoate, 
glycerophosphate, hemisulfate, bq)tanoate, hexanoate, hydrochloride, hydrobromide, hydroiodide, 
2-hydroxyethanesulfonate, lactate, maleate, methanesulfonate, 2-naphthaIenesulfonate, nicotinate, 
15 oxalate, pamoate, pectinate, persulfate, 3-phenylpropionate, picrate, pivalate, propionate, succinate, 
tartrate, thiocyanate, tosylate, and undecanoate. 

Pbarmaceutically acceptable cationic addition salts of the potassium channel openers include: 
pharmacologically accq)table metal cations, ammonium, amine cations, or quaternary anunonium 
cations. Especially preferred metal cations are those derived ftom the alkali metals, e.g., lithium, 
20 sodium, and potassium; and from the alkaline earth metals, magnesium and calcium, although 
cationic forms of other metals, e.g., aluminum, zinc, and iron are also within the scope of this 
invention. Pharmacologically acceptable amine cations are those derived from primary, secondary, 
and tertiary amines. 

The second essential, active ingredient of the subject invention is the compound 17/}-(N-/£rr- 
25 butylcarbamoyI>4-aza-5-o-androst-l-en-3K>ne, (hereinafter refmed to as "TBCAA") which has 
a molecular weight of 372.56. This compound is a 5a-reductase inhibitor and is described in 
European Patent Application 88302807.8, Publication No. 0285382, published 5 October 1988, 
assigned to Merck Sc Co., Inc., Rahway, NJ. This publication discloses various analogs of 
TBCAA all of which are disclosed to be active as testosterone 5a-reductase inhibitors and thus are 
30 useful for the treatment of androgenic alopecia, including male pattern alopecia. The preferred 
administration of TBCAA is topical. TBCAA can be administered by any of various routes as well 
as can be the potassium channel opener. 

Administration routes for the two components of the subject invention can be topically, orally, 
parenterally or rectally. Typically, TBCAA is administered either topically with the potassium 
35 channel opener or orally while the potassium channel opener is applied topically. Preferably and 
most conveniendy, the administration route would be to compound TBCAA with a potassium 
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channel apeaer in a pharmaceutical, topical vdiicle. 

Typically, the potassium channel opener and optionally the 17PKN-/m-butylcarbamoyl>4-aza- 
5-a-androst-l-en-3-one compound are applied to the skin region where hair growth is desired with 
a phanna«seutical carrier. More preferably, the pharmaceutical carrier is adopted for topical 
5 application such as those pharmaceutical forms which can be applied externally by direct contact 

with the surface to be treated. 

Conventional pharmaceutical forms for this purpose include ointments, waxes, gels, lotions, 
pastes, jellies, sprays, aerosols, and the like in aqueous or nonaqueous formulations. TTie term 
"ointment" embraces formulations (including creams) having oleaginous, absorption, water^luble 
10 and emulsion-typebases. e.g., petrolatum, lanolin, polyethylene glycols, N-methyl-l-pyrrolidinone. 
oleyl alcohol as well as mixtures of these. 

Preparation of minoxidU topical compositions are disclosed in U.S. Patents 4,139.619 and 
4,596,812, both herein incorporated by reference, as examples of how to prepare topical 
compositions for any of the potassium channel openers and/or the 17^-(N-fert-butylcarbamoylH- 
15 aza-5-a-androst-l-en-3-one. 

Additionally, the potassium channel openers and/or the 17^-(N-iert-butylcaibamoyl>4^-5-of 
androst-l-en-3-one compound can be adnuxed with other compounds for the treatment of hair 
growth. Such compounds which can be hicluded in the overall composition or treatment are 
various combinations of the potassium channel openers, vasoconstrictors such as betamethasone 
20 dipropionate, corticosteroids such as hydrocortisone, scopolamine, and antiandrogens such as 
cyoctol, and cyproterone acetate. 

Typically, a potassium channel opener is used in an effective amount that is an amount 
sufficient to promote hair growth or treat hair growth disorders such tiiat hair growth is increased 
or produced. The potassium channel opener is added in an amount of from about 0.001 to about 
25 10, preferably, 0.01 to about 5 percent by weight of flie composition. 

Thel7/J-(N-tert^)utylcarbanK)yl)-4-ara-5-of-androst-l-enr3K)necompoundisusedm 

amount, fliat is. an amount sufficient to promote hair growth or treat hair growth disorders such 
that hair growth is increased or produced over that which would be increased or produced by the 
administration of a potassium chamiel opener alone. TTie testosterone Sct-reductase inhibitor. 

"30 TBCAA. is added in an amount of from about 0.0001 to about 10. preferably, 0.001 to about 5 
petceat by wdght of the composition. 

In a topical application, tiie compound or formulated composition can be applied to the area 
to be treated, in mammals such as the scalp in humans, by spraying, dabbing or swabbing. Other 
less specific methods can be employed provided the active ingredient(s) are delivered to the region 

35 of a hair follicle. Preferably, fl>e compound or formulated composition is periodically applied to 
the treatment area on a routine basis prior to, during and subsequent to hair growth. Generally, 
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the routine treatment would be to apply the compound or formulated composition at least daily, 
preferably twice daily although more frequent applications can be used. 

TTie percentage by weight of the active ingredients, potassium channel opener and 17)5-(N-/m- 
butylcarbamoyI)-4-aza-S-a-androst-l-en-3-one compound herein utilized ranges from an effective 

5 amount which is an amount sufficient to increase normal hair growth or treat various forms of 
alopecia whereby the hair growth is significantly more than if either of the compounds were solely 
admmistered. In topical pr^arations the pharmaceutical carrier for topical applications constitutes 
a major amount of the prq)aration. Typically, the active ingredient is in a range of from about 
0.01 to about 10 percent total weight of the topical composition, preferably 0.1 to S percent total 

10 weight. 

The following protocol was utilized with the stumptail macaque monkey to demonstrate the 
synergistic affect of minoxidil and 17/3-(N-r£/r«butylcarbamoyl)-4-aza-S-a*androst-l^-3-one 
("TBCAA") for promoting hair growth. 
IS Twenty-one nude stumptail macaque (Macaca specoisa) monkeys were assigned to vdiicle 
control and drug treated groups on the basis of baseline hair weight data. This assignment 
procedure was necessary to insure that the average baseline hair growth for each control and 
experimental group was comparable. The control and drug treatment groups were as follows: 
1. Topical 50:30:20 vehicle (N=6) 
20 2. Oral TBCAA and topical 50:30:20 vehicle (N=5) 

3. Oral TBCAA and topical lOOmM minoxidil (N»S) 

4. Topical lOOmM minoxidil (N»5). 

The vehicle consisted of 50% propylene glycol, 30% ethanol, and 20% water. The lOOmM 
concentration of topical minoxidil was formulated in this vehicle. TBCAA was prepared as an oral 

25 dose of 0.5mg per monkey Onteranimal weight range of 9.5-lS.S kg). Inunediatdy prior to the 
dosing phase of the study, hair was removed from a 1 inch square area Odentified by four tattoos) 
in the center of the balding scalp. TMs hair collection was Ae baseline hair growth determination 
prior to the beginning of treatment. Approximately 250/iL of vehicle or lOOmM minoxidil 
^prepared in vehicle) were topically administered to the tattooed area of the scalp. For the groups 

30 which received combined topical and oral dosing, 0.5 mg/monkey TBCAA was ingested by the 
monkeys at the same time as the topical dose was administered. The monkeys were dosed once per 
day, seven days per week for twenty weeks. 

At four week intervals throughout the dosing phase of the study, each monkey was shaved and 
the hair was collected and weighed. He body weight data (at baseline and during assay) were 

35 analyzed by the nonparametric Wilcoxon rank-sum test. Differences were significant at p<0.05. 
The hair weight data (mean ± SEM) at each 4 week collection for vehicle and treatment groups 
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were expressed as the change from baseline. Statistical analysis (ANOVA) was performed on the 
ranks of the data to show overall differences among groups at each 4 week collection with p <0. 10 
marginally significant, p<0.05 significant, and p< 0.01 highly significant. 
R^ults : 

The data reported in Tables I and 11 were obtained after 12 weeks of dosing, Tables lU and IV 
after 16 weeks of dosing and in Tables V and VI after 20 weeks of dosing. They show that the 
combination of TBCAA and minoxidil is statistically superior in promoting hair growth, in this 
model, than die constituent agents alone. 
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